Speckle noise is one of the most critical disturbances that alter the quality of Synthetic Aperture Radar (SAR) coherent images. Before using SAR images in automatic target detection and recognition, the first step is to reduce the effect of speckle noise. Several adaptive and non-adaptive filters are widely used for despeckling in SAR images. In this paper, a novel mathematical morphological filter is proposed to reduce the speckle noise in SAR images. The new filter performance is compared with a number of despeckling filters with different parameters. For performance measurements, four parameters were evaluated to test the filter ability to attenuate the speckle noise and keep target information. From experimental results, the new proposed morphological filter gives promising results for significantly suppressing speckle noise and preserving the potential targets.
Introduction:
Synthetic Aperture Radar (SAR) is essentially a complicated device whose purpose is simply to measure the local interaction between the Earth's surface and an incident wave. Thus, very high quality SAR images of this interaction can be produced by modern systems. The coherent nature of radar illumination causes the speckle effect, which gives the SAR image its noisy appearance. Thus the produced SAR image is uncomfortable for an untrained eye. For example, consider a regular surface seen by a radar, each image pixel for this surface contains a large number of elementary scatterers, which add their contributions to the field radiated by the pixel in a coherent way. The total pixel response in amplitude and in phase is the result of vector addition of these contributions in the complex plane and is given in Eq. (1) k N j
Where A … is the scatters amplitude response. Ф … is the scatters phase response. N … is the total number of scatters in one pixel.
An immediate conclusion from Eq. (1) is that the observed signal will be affected by interference effects as a consequence of the phase differences between scatterers. In fact, speckle can be understood as an interference phenomenon in which the principal source of the noiselike quality of the observed data is the distribution of the phase terms Φ k . The sum of Eq. (1) then looks like a random walk in the complex plane, where each step of length A k is in a completely random direction [1, 2] . Finally we can say that speckle noise is a granular noise that inherently exists in and degrades the quality of the active radar and SAR images. Speckle noise in conventional radar results from random fluctuations in the return signal from an object that is no bigger than a single image processing element. It increases the mean grey level of a local area. Speckle noise in SAR is generally more serious, causing difficulties for image interpretation. It is caused by coherent processing of backscattered signals from multiple distributed targets. The remainder of the paper is structured as follows: section 2 presents the speckle noise reduction techniques. Morphology usage in speckle reduction is introduced in section 3. The proposed morphological filter for speckle reduction is described in section 4. Results are presented both as images and image quality metrics are discussed in section 5. Finally, section 6 gives some concluding remarks. 
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Speckle Noise Reduction Techniques
Several different methods are used to eliminate speckle noise, based upon different mathematical models of the phenomenon. One method, for example, employs multiplelook processing, averaging out the speckle noise by taking several "looks" at a target in a single radar sweep, the average is the incoherent average of the looks [1] . A second method involves using adaptive and non-adaptive filters on the image processing (where adaptive filters adapt their weightings across the image to the speckle level, and non-adaptive filters apply the same weightings uniformly across the entire image). Such filtering also eliminates actual image information as well, in particular high-frequency information, and the applicability of filtering and the choice of filter type involve tradeoffs. Adaptive speckle filtering is better at preserving edges and details in high-texture areas (such as forests or urban areas). Non-adaptive filtering is simpler to implement, and requires less computational power [3, 4] . In this paper, we are going to focus on the non-adaptive filters in despeckling SAR images.
Non-Adaptive speckle filtering
Mean filter (average filter) is a linear filter where the centered pixel`s value in its mask depends on the average value of the grey levels neighborhood defined by the filter mask [5] . Median filter is a nonlinear filter where the centered pixel`s value in its mask depends on the median value of the grey levels neighborhood defined by the filter mask [5] . The latter is better at preserving edges whilst eliminating noise spikes than the mean filter. Value-and-criterion filter is a non-adaptive filter which having a "value" function (V) and a "criterion" function (C), each operating separately on the original image, and a "selection" operator (S) acting on the output of (C). The selection operator (S) chooses a location from the output of (C), and the output of (V) at that point is the output of the overall filter. The value-and-criterion structure allows the use of different linear and nonlinear elements in a single filter [6] . Minimum Coefficient of Variant (MCV) filter is an example of the value-and-criterion filter. The MCV filter, therefore, has V= sample mean, C= sample coefficient of variation, and S= minimum of the sample coefficient of variation. At every point in an image, this filter effectively selects the n*n subwindow with an overall window (2n-1*2n-1) that has the smallest measured coefficient of variation, and outputs the mean of that subwindow [7] .
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Morphology Usage In Speckle Noise Reduction
Introduction to mathematical morphology in grey scale images
Morphological filters are nonlinear signal transformations that locally modify geometric features of signals. They stem from the basic operations of a set-theoretical method for image analysis, called mathematical morphology, which was introduced by Matheron [8] , Serra [9] and Maragos and Schafer [10] .
For any morphological filter, we have to define the structuring element to be used and the operation to be performed. For the structuring element, it is used as a "probe" to examine a given image for specific properties. Structuring elements in the grey scale morphology belong to one of two categories: flat and non flat. For the morphological operations, there are only two non linear basic operations: Erosion (minimum) and dilation (maximum).
Where the erosion for grey scale morphology can be defined as follow [11] :
And the dilation for grey scale morphology can be defined as follow [11] :
Where f … is the grey scale image. b … is the flat structuring element. Moreover, the expressions for the opening and closing grey scale images can be defined as shown in Eq. (4) and Eq. (5) respectively [11] .
Morphological despeckling filters
The most common morphological filters that are used in speckle noise reduction are: morphological opening which can be easily expressed in terms of the value-andcriterion filter as both V and C is the minimum (erosion) operator and S is the maximum (dilation) operator respectively [6] . Morphological closing which can be easily expressed in terms of the value-and-criterion filter as both V and C is the maximum (dilation) operator and S is the minimum (erosion) operator [6] . Finally, Tophat filter which is a close-open filter i.e. it consists of two stages where the first stage will be morphology closing. So it consists of two steps dilation followed by erosion with the same structuring element. The second stage will be morphology opening. So it consists of also two steps dilation to the output of first stage followed by erosion with the same structuring element of first stage. For speckle reduction, morphological tools perform even better than classical filters in preserving edges, saving the mean value of the image and computational time according to ease of implementation [12] .
The Proposed Morphological Filter
In this technique we are still talking about the morphological filter which is based on a combination of two basic operators of mathematical morphology (erosion and dilation). Consequently, our proposed method consists of two stages like Tophat filter but it has two differences. (1) The operations that will be performed in the two stages will be chosen automatically according to the histogram of input SAR images. (2) The first stage consists of two operations (like Tophat filter) but the second stage consists of only one operation. This reduces the computational time and makes the implementation more easily. Thus, the sequence of the proposed filter operations are not rigid but it depends on the histogram of the noisy SAR image and its mean grey scale level, it consists of closing followed by erosion (i.e. dilation followed by two erosion operations) or opening followed by dilation (i.e. erosion followed by two dilation operations). The first sequence will be chosen if the histogram is concentrated in the first half. However the second sequence will be performed if the histogram is concentrated in the second half. Thus, we can say that this novel filter is adaptable according to the noisy SAR image contrast in selecting the sequence of operations. The order of the filter sequence gives the filter a great advantage in keeping a lot of details and preserving information.
Experimental Results and Error Analysis
Before beginning the analysis stage, we have to define our parameters that have been used in the evaluation of the filters. There are four parameters [13] : a-Target To Background Ratio (TTBR) which equals
Where 2 T σ …… is the variance of the target. σ B …… is the variance of the background.
As this ratio increases as the detection and separation of targets become easier. 
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Where filter µ and original µ are the means of the background segments of the filtered and the original image, respectively. The closer NM to 1, the better the filter ability to preserve the mean.
c-Standard deviation to mean (STM), to determine the ability to reduce speckle noise of a homogeneous background segment which equals
Where σ B … is the standard deviation of filtered background and µ filter … is the mean of filtered background. So smaller STM, indicates a better speckle reduction ability.
d-Edge Index (EI), to examine the ability to preserve detailed edge information which equals
Where P f (i , j) and P o (i , j) are the filter and the original pixel values, respectively, of the edges of the selected background segment, with row number i and column number j. When EI=1 the edge information is similar to the original image, edge blurring occurrs for EI<1, and EI>1 indicates edge enhancement.
Now we are going to test the mentioned filters plus the proposed morphological filter on two intensity noisy SAR images. Image (1) shows a desert region with some tanks as shown in figure 1 and its corresponding histogram is shown in figure 2 . Moreover, Image (2) shows a grass region with some cars as shown in figure 3 and its corresponding histogram is shown in figure 4 . Samples of the output SAR images of the mentioned filters are shown in figures (5) and figures (6) to show the amount of enhancement achieved by each filter separately. From these samples we can see that the proposed filter has better achievement in preserving the details of targets and information in the images. Moreover, the output of the proposed filter maintains the details of the small regions that have been cancelled by other filters.
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The resultant measurements parameters have been listed in table (1) to show the effect of different filters on noisy SAR images. From table 1, we can see that all the mean, median and MCV filters introduce good values for speckle reduction and show good enhancement in TTBR parameter. However, they have blurred the edges according to EI parameter shown. From table 1, we can see that both NM and EI values are in the defined ranges in the case of 3*3 filter mask. we can consider that the Tophat (CO) filter has the best speckle reduction ability for morphological filters. According to the fundamental nature of the SAR images, those are considered to be low contrast image. We found that if we remove the last step of the Tophat (CO) filter (i.e. dilation operation of the opening stage), we can get better results from this new filter (closing followed by erosion operation). From tables of the results, we can see that the novel filter has the smallest value for STM parameter, quiet high value for TTBR parameters like Mean filter and keeping NM and EI in their defined range. But for large filter mask the blurring in the edges will appear faster than the other filters (Mean and Median), this is due to the nature of high resolution SAR images which represent multiple object points in a single image pixel.
Conclusions
Radar imageries are useful sources of information for roughness, geometry, and moisture content of the Earth surface. As an active, day/night, and all-weather remote sensing system, RADAR imageries can provide us with information for both surface and subsurface of the Earth. Speckle noise is added with RADAR imageries which gives a grainy appearance to the imageries. Speckle noise reduces the image contrast and has a negative effect on texture based analysis. Moreover, as speckle noise changes the spatial statistics of the images, it makes the classification process a difficult task to do. Thus, in order to get information out of RADAR imageries one should first remove/reduce the effect of speckle noise. This paper reviewed the effect of applying a number of different filters plus new mathematical morphology on real SAR imageries. To measure the effect and the performance of the filters, four parameters are used. A good filter shows high TTBR, high NM Ratio, low STM value, and EI closer to one. So we can conclude that the main advantages of the proposed morphological filter are: 1) Increasing target to background ratio more than the Tophat filter and closer to mean filter. 2) Achieving the smallest value for standard deviation to mean ratio (STM) i.e. is the best one in speckle reduction SAR images.3) Keeping a good ratio for normalized mean parameter i.e. the filtered image keeps almost information of the SAR .The main disadvantage of the new improved method is low value for edge index parameter (EI) for large filter window i.e. output image will be more blurred than the output images of the others filters because of high resolution of SAR images. This work will be extended to use the proposed mathematical morphology filter to perform new adaptive filter in the near future. 
